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Abstract 
This work presents a stand-alone portable device for high temperature assessment. The system includes a Langasite (LGS) 
acoustic sensor, a ceramic heater and a platform with RF connections for remote in-situ measurements. The packaging consists in 
a hermetic stainless steel cell which enables safe gas detection. In situ temperature measurements have been achieved thanks to 
the integrated heater and have been compared with finite element modeling. The thermal behavior was successfully investigated 
in the temperature range 25-450°C. The resulting experimental data have been compared with different theoretical models, using 
several sets of LGS constants, and their agreement is discussed. 
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1. Introduction 
Recently, high temperature sensors regain a considerable interest for safety applications in aerospace such as 
combustion conditions monitoring or real time measurements of gas emissions in harsh industrial environments. 
This work presents an original approach using Langasite (LGS) piezoelectric material as a suitable high temperature 
substrate for Surface Acoustic Wave (SAW) devices. This material presents the same trigonal 32 crystallographic 
structure as the commonly used piezoelectric Quartz, but with a higher electromechanical coefficient 
(k2LGS=3.k2Quartz) and no phase transition or Curie temperature up to its melting point at 1470°C [1-2]. The novelty of 
the presented work lies in the integration of a LGS acoustic device, a ceramic heater and a radio-frequency link for 
in-situ remote testing dedicated to high temperature investigations. The second section deals with the structure of the 
platform and the features of the LGS SAW device. Then the third section highlights the thermal behavior of the 
sensor with a comparison between experimental results and finite element modeling. Finally, the fourth section 
compares the experimental results of the LGS device frequency under harsh temperature environment with 
calculations using several LGS data. 
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 2. Structure of the high temperature platform  
The architecture of the high temperature platform is presented on Fig. 1. It is composed of an alumina substrate 
with gold RF microstrips and ground, and platinum microstrips for the power supply of an alumina heater. All the 
alumina thick film patterns were realized using screen printing process. The heater and the LGS are stuck to the 
platform with alumina ceramic sealings. The LGS crystallographic cut (0°, 140°, 25°) has been selected for its 
electromechanical coefficient (around 0.37%) and quasi null power flow angle. The SAW delay-line transducers 
consist of 44 splitted finger pairs with a 32 μm periodicity (λ) and 3.2 mm aperture (W). The metal coating consists 
of a 10 nm titanium (Ti) adhesion layer under a 100 nm platinum (Pt) layer. The distance between the two 
transducers (L) is 5 mm and the total available detection surface on the acoustic path is 16 mm
Fig. 1. Scheme of the high temperature platform 
2 (W.L). The acoustic 
device transducers are linked to the gold ground and RF lines of the alumina substrate by 20 μm gold ball bondings. 
This platform is inserted in a hermetic stainless steel cell which enables gas flow, and is then plugged to a Printed 
Circuit Board (PCB) with matched 50Ω microstrips and SMA connectors (on the opposite side of the heater and the 
LGS device). For experimental measurements, this complete assembly is inserted in the feedback loop of a 
radiofrequency amplifier to form an oscillator configuration at a synchronous frequency closed to 85 MHz. 
3. High temperature platform characterization 
3.1. Thermal behavior of the platform using “Comsol Multiphysics”© finite element modeling 
The high temperature platform architecture has been designed in accordance with the following requirements: 
typical electrical connectors such as SMA do not sustain temperatures above 150°C. The presented architecture 
minimizes the thermal conduction surface between the heater and the alumina substrate, a high temperature around 
450°C can be reached on the LGS acoustic device for a temperature close to 50°C on the PCB connection, as can be 
seen on the “Comsol” modeling in Fig. 2. Moreover, the alumina structure was chosen for its hardiness, as well as 
the high temperature compatible materials, such as LGS and screen printed inks with thermal expansion coefficients 
between 5.10-6/°C and 10.10-6/°C. 
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Fig. 2. Temperature distribution on the ceramic platform with “Comsol” modelisation 
3.2. Real time frequency measurements under high temperature 
Real time measurements have been carried out using an oscillator configuration for frequency acquisitions and a 
K type thermocouple on the surface of the LGS substrate for temperature control. According to the modeling results, 
the temperature of the connector is 50°C for 450°C on the LGS substrate. The experimental results are shown on 
Fig.3. The nominal resistance of the heater is 14Ω. By increasing the voltage applied to the heater, from 0V to 20V 
proceeding by stages of 2V, a maximum frequency shift of 1.1 MHz is observed at 450°C (corresponding to a 14W 
power supply). The noise related to the temperature measurements (around 10% of the temperature measure) is due 
to air convection on the thermocouple/LGS interface. Current temperature measurements are in progress to reduce 
this measurement problem. 
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Fig. 3. (a) Frequency shift and temperature evolution of the platform versus time and (b) temperature of the LGS substrate versus heater 
applied power (right curve) 
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 4. Comparison between experimental results and simulations 
Several LGS elastic, dielectric and piezoelectric constants are available in the literature. In this work, we chose to 
focus on those provided by Sakharov [3], Malocha [4] and Bungo [5]. Using the LGS constants and associated 
temperature coefficients, new LGS constants are calculated for different temperatures. Then the velocity of the 
surface acoustic waves is calculated, and the frequency is derived for a specific temperature. Malocha LGS 
constants seem to provide a close fit for temperatures below 200°C whereas Bungo LGS constants lead to a better fit 
over this threshold, as shown on Fig.4. The differences between experimental and theoretical results can be 
explained by LGS constants which are closely related to the crystal fabrication conditions. 
Fig. 4. Theoretical and experimental relative frequency shifts of the (0°,140°,25°) LGS delay line versus temperature  
5. Conclusion 
A complete platform, suitable for high temperature acoustic device investigations, based on a ceramic substrate, a 
screen printing process and a LGS acoustic device has been designed and characterized. Reliable behaviors under 
thermal stress exposure, up to 450°C, and high correlation with Bungo LGS data have been observed. Future work 
will focus on the reliability and ageing studies of the system with temperature cycling processes and network 
analyzer characterizations. Nanostructured mesoporous sensitive layers should be deposited on the acoustic path of 
the LGS acoustic sensor to perform chemical detections in harsh environments. 
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